A gas turbine thermodynamic cycle was computationally simulated and probabilistically evaluated in view of the several uncertainties in the performance parameters, which are indices of gas turbine health. Cumulative distribution functions and sensitivity factors were computed for the overall thermal efficiency and net specific power output due to the thermodynamic random variables. These results can be used to quickly identify the most critical design variables in order to optimize the design, enhance performance, increase system availability and make it cost effective. The analysis leads to the selection of the appropriate measurements to be used in the gas turbine health determination and to the identification of both the most critical measurements and parameters. Probabilistic analysis aims at unifying and improving the control and health monitoring of gas turbine aero-engines by increasing the quality and quantity of information available about the engine's health and performance. Conventional engineering design methods are deterministic. The components of a machine are considered as ideal systems and parameter optimizations provide single point estimates of the system response. In reality, many engineering systems are stochastic where a probability assessment of the results is required. Probabilistic engineering design analysis assumes probability distributions of design parameters, instead of mean values only. This enables the designer to design for a specific reliability and hence maximize safety, quality and cost. The approaches for incorporating probabilistic effects in design include the use of factors of safety, the use of the worst case design and the use of probabilistic design.
Introduction
Gas turbine aero-engines are used in all the new commercial aircraft and most business aircraft. Due to their capital cost and numbers installed, notably in the fleets of aircraft operated by the armed services and commercial airlines, there is considerable pressure to reduce the cost of ownership incurred by the operator. In the civil sector, this pressure is currently increasing with the rising popularity of the With the increase in gas turbine engine complexity and performance over the past 50 years, To accomplish the design task cost effectively, we need to formally quantify the effect of uncertainties (variables) in the design. Probabilistic design is one effective method to formally quantify the effect of uncertainties. In the present paper, a probabilistic analysis is presented for the influence of measurement accuracy and a priori fixed parameter variations on the random variables for gas turbine system health determination.
Probability Theory
Let Χ,, X 2 , ...., X" be a set of random variables defined on a (discrete) probability space Ω. The probability that the events X|=x,, X2 = * 2 > = x" happen concurrently, is denoted by
for the set of desired solutions AcQ. if the
is discrete, it is called the joint probability mass function of Χι, X2,·-, X" and has the following properties.
has the following properties: ...,a n )can be defined, such that:
F(a l ,a 2 ,....,a n ) = P[(X 1 ,X 2 ,..,
F is called the joint cumulative probability distribution function. For Ω = R" and a continuous function /:
F(ai,a 2 ,....,a n ) = P[(X,, X2,...,x n ) €((-00,-00 -oo),(a,,a 2) ...,,a n ))] an o,
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The common notation F(a|,a 2 ,...,a") = P(X] <auX2 <a2,...,Xn <an ) will also be used subsequently.
The univariate probability function fXi for each criterion X|, obtained from the traditional probabilistic design process, can also be generated with the joint probability function f / xi is called marginal probability mass or density function of X, and is defined by:
The joint probability function,/ XY (x, y), creates the surface of a probability 'hump' in the x-y-f- Correlation is measured by the covariance of two criteria, X and Y, defined by
It is more convenient, however, to use a covariance normalized by the standard deviations, σ χ and σ γ , for both criteria, called correlation coefficient.
The correlation coefficient is defined over the 
Probability Functions
Attention is now directed to the implementation of this probabilistic formulation in the design process. The necessary transition from the mathematical formulation above to a probabilistic model that yields the information relevant for multivariate decision making is described in this section.
There are two alternatives for this task.
Joint Probability Model
The first joint probability density function introduced here is an analytical probability model 
Discussion Of Results
The probabilistic analysis of gas turbine field performance due to the uncertainties was applied to a 10 MW two shaft heavy duty industrial gas turbine with variable power turbine nozzle. Figure 1 shows the layout of the gas turbine system. The thermodynamic random variables and their respective values used in this analysis are shown in Table 1 . All the random variables were assumed to be independent. A scatter of ± 10% was specified for all the variables. Normal distribution was assumed for all random variable scatters.
The overall thermal efficiency of the gas turbine system was determined from a control volume analysis using the first and second laws of thermodynamics. The cumulative distribution These results can be used to further optimize the design for cost effectiveness and also to assist in the health determination of the system. The prediction of degradation of system performance can be achieved from the results obtained. 
Concluding Remarks
In this paper, a non-deterministic, non-traditional method has been developed to support reliabilitybased aerospace design. The revolutionary part of the proposed work is the probabilistic evaluation of the thermodynamic analysis. The nontraditional part of the proposed work is the identification of criteria for using computational accuracy. Probabilistic methods were applied to the thermodynamic analysis of a gas turbine system. The interconnection between the thermodynamic analysis and NESTEM codes was necessary to compute the probabilistic evaluation of a gas turbine field performance.
Overall thermal efficiency and net specific power output of the gas turbine plant were evaluated using the thermodynamic random variables. Cumulative distribution functions and sensitivity factors were computed for the overall thermal efficiency and net specific power output due to the thermodynamic random variables. Evaluating probability of risk and sensitivity factors will enable the identification of the most critical design variables in order to optimize the design, make it cost effective and assist in the health determination of the system.
